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(54) DISPLAY APPARATUS

(57) A display apparatus and a method of manufac-
turing the same are disclosed. The display apparatus in-
cludes: a first substrate including a light emitting diode
part including a plurality of light emitting diodes regularly
arranged on the first substrate; and a second substrate
including a TFT panel unit including a plurality of TFTs
driving the light emitting diodes, wherein the first sub-
strate and the second substrate are coupled to each other
so as to face each other such that the light emitting diodes
are electrically connected to the TFTs, respectively. The
display apparatus is implemented using micro-light emit-
ting diodes formed of nitride semiconductors and thus
can provide high efficiency and high resolution to be ap-
plicable to a wearable apparatus while reducing power
consumption.
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Description

[Technical Field]

[0001] Exemplary embodiments of the present disclosure relate to a display apparatus and a method of manufacturing
the same, and more particularly, to a display apparatus using micro-light emitting diodes and a method of manufacturing
the same.

[Background Art]

[0002] A light emitting diode refers to an inorganic semiconductor device configured to emit light through recombination
of electrons and holes and has been used in various fields including displays, automobile lamps, general lighting, and
the like. Since the light emitting diode has various advantages such as long lifespan, low power consumption, and rapid
response, it is expected that a light emitting device using the light emitting diode will replace existing light sources.
[0003] Recently, smart TVs or monitors realize colors using a thin film transistor liquid crystal display (TFT LCD) panel
and tend to use light emitting diodes (LEDs) as a light source for a backlight unit for color realization. In addition, a
display apparatus is often manufactured using organic light emitting diodes (OLEDs). However, for a TFT-LCD, since
one LED is used as a light source for many pixels, a light source of a backlight unit is always turned on. Accordingly,
the TFT-LCD suffers from constant power consumption regardless of brightness on a displayed screen. In order to
compensate for this problem, some display apparatuses are configured to divide a screen into several regions so as to
allow control of brightness in these regions. However, since several to dozens of thousands of pixels are used as a unit
for division of the screen, it is difficult to achieve accurate regulation of brightness while reducing power consumption.
On the other hand, although an OLED has continuously reduced power consumption through development of technology,
the OLED still has much higher power consumption than LEDs formed of inorganic semiconductors and thus has low
efficiency.
[0004] In addition, a PM drive type OLED can suffer from deterioration in response speed upon pulse amplitude
modulation (PAM) of the OLED having large capacitance, and can suffer from deterioration in lifespan upon high current
driving through pulse width modulation (PWM) for realizing a low duty ratio. Moreover, an AM driving type OLED requires
connection of TFTs for each pixel, thereby causing increase in manufacturing costs and non-uniform brightness according
to characteristics of TFTs.

[Prior Document]

[0005] Japanese Patent Laid-open Publication No. 2015-500562 (January 5, 2015)

[Disclosure]

[Technical Problem]

[0006] Exemplary embodiments provide a display apparatus using micro-light emitting diodes providing low power
consumption to be applicable to a wearable apparatus, a smartphone or a TV, and a method of manufacturing the same.
[0007] Exemplary embodiments provide a display apparatus providing low power consumption and enabling accurate
regulation of brightness and a method of manufacturing the same.

[Technical Solution]

[0008] In accordance with one aspect of the present disclosure, a display apparatus includes: a first substrate including
a light emitting diode part including a plurality of light emitting diodes regularly arranged on the first substrate; and a
second substrate including a TFT panel unit including a plurality of TFTs driving the light emitting diodes, wherein the
first substrate and the second substrate are coupled to each other so as to face each other such that the light emitting
diodes are electrically connected to the TFTs, respectively.
[0009] The light emitting diode part may include: a support substrate; a plurality of blue light emitting diodes arranged
on an upper surface of the support substrate; a plurality of green light emitting diodes arranged on the upper surface of
the support substrate to be placed adjacent the plurality of blue light emitting diodes; and a plurality of red light emitting
diodes arranged on the upper surface of the support substrate to be placed adjacent either the plurality of blue light
emitting diodes or the plurality of green light emitting diodes.
[0010] Each of the plurality of blue light emitting diodes, the plurality of green light emitting diodes and the plurality of
red light emitting diodes may include an n-type semiconductor layer; a p-type semiconductor layer; an active layer
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interposed between the n-type semiconductor layer and the p-type semiconductor layer; an n-type electrode coupled to
the n-type semiconductor layer; a p-type electrode coupled to the p-type semiconductor layer; and a wall surrounding
the p-type electrode.
[0011] The light emitting diode part may further include a first bonding portion bonding the plurality of blue light emitting
diodes to the support substrate; a second bonding portion bonding the plurality of green light emitting diodes to the
support substrate; and a third bonding portion bonding the plurality of red light emitting diodes to the support substrate,
and the first to third bonding portions may have different melting points.
[0012] The display apparatus may further include an anisotropic conductive film electrically connecting the light emitting
diode part to the TFT panel unit.
[0013] The plurality of light emitting diodes may include blue light emitting diodes emitting blue light, and the display
apparatus may further include a wavelength conversion part including at least one of a blue light portion emitting the
blue light, a green light portion emitting green light through conversion of the blue light into the green light, and a red
light portion emitting red light through conversion of the blue light into the red light.
[0014] The plurality of light emitting diodes may include blue light emitting diodes emitting blue light and red light
emitting diodes emitting red light, and the display apparatus may further include a wavelength conversion part including
at least one of a blue light portion emitting the blue light, a green light portion emitting green light through conversion of
the blue light into the green light, and a red light portion emitting the red light.
[0015] The wavelength conversion part may be formed on a third substrate and the first substrate may be coupled to
the third substrate to allow wavelength conversion of light emitted from the plurality of light emitting diodes. The green
light portion and the red light portion may include phosphors. Specifically, the green light portion may include nitride
phosphors and the red light portion may include nitride or fluoride phosphors (KSF).
[0016] At least one of the first to third substrates may be a transparent substrate or an opaque flexible substrate.
[0017] The plurality of light emitting diodes may include blue light emitting diodes emitting blue light, and the display
apparatus may further include a white phosphor portion converting blue light emitted from the blue light emitting diodes
into white light; and a color filter including a blue light portion allowing blue light of the white light emitted through the
white phosphor portion to pass therethrough, a green light portion allowing green light of the white light emitted through
the white phosphor portion to pass therethrough, and a red light portion allowing red light of the white light emitted
through the white phosphor portion to pass therethrough.
[0018] Each of the light emitting diodes may include an n-type semiconductor layer, a p-type semiconductor layer,
and an active layer interposed between the n-type semiconductor layer and the p-type semiconductor layer, and a wall
may be formed on the p-type semiconductor layer.
[0019] In accordance with a further aspect of the present disclosure, a method of manufacturing a display apparatus
includes: forming a light emitting diode part such that a plurality of light emitting diodes is regularly arranged therein;
and coupling the light emitting diode part to a TFT panel unit, wherein forming the light emitting diode part may include
forming the plurality of light emitting diodes on a substrate to be regularly arranged thereon; transferring the plurality of
light emitting diodes to a stretchable substrate; two-dimensionally enlarging the stretchable substrate such that a sep-
aration distance between the light emitting diodes is enlarged; and coupling at least one of the light emitting diodes to
a support substrate, with the separation distance between the light emitting diodes enlarged by the stretchable substrate.
[0020] The separation distance between the light emitting diodes enlarged by the stretchable substrate may be twice
a width of the light emitting diodes.
[0021] Coupling the light emitting diode part to the TFT panel unit may be performed using an anisotropic conductive film.

[Advantageous Effects]

[0022] According to exemplary embodiments, the display apparatus employs micro-light emitting diodes formed of
nitride semiconductors and thus can provide high efficiency and high resolution to be applicable to a wearable apparatus
while reducing power consumption.
[0023] Further, the display apparatus according to the exemplary embodiments employs a stretchable substrate,
thereby providing more convenience in manufacture of the display apparatus than manufacture of the display apparatus
using micro-light emitting diodes.

[Description of Drawings]

[0024]

FIG. 1 is a sectional view of a display apparatus according to a first exemplary embodiment of the present disclosure.

FIG. 2 is a perspective view of a light emitting part of the display apparatus according to the first exemplary embod-



EP 4 178 317 A1

5

5

10

15

20

25

30

35

40

45

50

55

iment of the present disclosure.

FIG. 3 and FIG. 4 are sectional views and plan views illustrating a process of forming the light emitting diode part
of the display apparatus according to the first exemplary embodiment of the present disclosure.

FIG. 5 is a sectional view of a display apparatus according to a second exemplary embodiment of the present
disclosure.

FIG. 6 is a sectional view of a display apparatus according to a third exemplary embodiment of the present disclosure.

FIG. 7 is a sectional view of a display apparatus according to a fourth exemplary embodiment of the present disclosure.

FIG. 8 shows sectional views of a display apparatus according to a fifth exemplary embodiment of the present
disclosure.

[Best Mode]

[0025] Hereinafter, exemplary embodiments of the present disclosure will be described in detail with reference to the
accompanying drawings.
[0026] FIG. 1 is a sectional view of a display apparatus according to a first exemplary embodiment of the present
disclosure, and FIG. 2 is a perspective view of a light emitting part of the display apparatus according to the first exemplary
embodiment of the present disclosure.
[0027] Referring to FIG. 1, a display apparatus 100 according to the first exemplary embodiment includes a light
emitting diode part 110, a TFT panel unit 130, and an anisotropic conductive film 150.
[0028] Referring to FIG. 1 and FIG. 2, the light emitting diode part 110 includes light emitting diodes 112, a support
substrate 114, transparent electrodes 116, a blocking part 118, an insulation layer 120, and first connection electrodes
122.
[0029] The light emitting diode part 110 includes a plurality of light emitting diodes 112, and the plurality of light emitting
diodes 112 is regularly arranged on the support substrate 114. For example, the plurality of light emitting diodes 112
may be arranged in a matrix form thereon, as shown in FIG. 2. In this exemplary embodiment, the plurality of light emitting
diodes 112 includes a plurality of blue light emitting diodes 112a emitting blue light, a plurality of green light emitting
diodes 112b emitting green light, and a plurality of red light emitting diodes 112c emitting red light. The plural blue light
emitting diodes 112a, the plural green light emitting diodes 112b and the plural red light emitting diodes 112c are
alternately arranged such that the blue light emitting diode 112a, the green light emitting diode 112b and the red light
emitting diode 112c are adjacent to one another.
[0030] In this exemplary embodiment, as shown in FIG. 2, the light emitting diode part 110 allows the display apparatus
100 to be driven by power applied from an exterior power source. That is, an image can be reproduced through on-off
combination of the light emitting diodes 112 in the light emitting diode part 110 without using a separate LCD. Accordingly,
a region including a single light emitting diode 112 may be used as a sub-pixel in the display apparatus 100. As shown
in FIG. 2, in the light emitting diode part 110, one sub-pixel may have a larger size than the light emitting diode 112
disposed inside the sub-pixel.
[0031] Referring to FIG. 1 again, each of the light emitting diodes 112 may include an n-type semiconductor layer 23,
an active layer 25, a p-type semiconductor layer 27, an n-type electrode 31, a p-type electrode 33, and a wall 35. The
n-type semiconductor layer 23, the active layer 25 and the p-type semiconductor layer 27 may include Group III-V based
compound semiconductors. By way of example, the n-type semiconductor layer 23, the active layer 25 and the p-type
semiconductor layer 27 may include nitride semiconductors such as (Al, Ga, In)N. In other exemplary embodiments,
locations of the n-type semiconductor layer 23 and the p-type semiconductor layer 27 can be interchanged.
[0032] The n-type semiconductor layer 23 may include an n-type dopant (for example, Si) and the p-type semiconductor
layer 27 may include a p-type dopant (for example, Mg). The active layer 25 is interposed between the n-type semicon-
ductor layer 23 and the p-type semiconductor layer 27. The active layer 25 may have a multi-quantum well (MQW)
structure and a composition of the active layer 25 may be determined so as to emit light having a desired peak wavelength.
[0033] In addition, the light emitting structure including the n-type semiconductor layer 23, the active layer 25 and the
p-type semiconductor layer 27 may be formed similar to a vertical type light emitting diode 112. In this structure, the n-
type electrode 31 may be formed on an outer surface of the n-type semiconductor layer 23 and the p-type electrode 33
may be formed on an outer surface of the p-type semiconductor layer 27.
[0034] Further, as shown in FIG. 1, in order to couple each of the light emitting diodes 112 similar to the vertical type
light emitting diode to the transparent electrode 116 of the support substrate 114, a bonding portion S may be formed
between the p-type electrode 33 and the transparent electrode 116, and the wall 35 may be formed to prevent the
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bonding portion S from escaping from a space between the p-type electrode 33 and the transparent electrode 116.
[0035] The wall 35 may be formed to cover a portion of the p-type electrode 33 such that the p-type electrode 33 can
be exposed on the p-type semiconductor layer 27, and may be composed of a plurality of layers, as shown in the
drawings. The wall 35 may include a first layer and a second layer, and may be formed by forming the first layer including
SiN on the p-type semiconductor layer 27 so as to cover a portion of the p-type electrode 33, followed by forming the
second layer including SiO2 on the first layer. The second layer may have a greater thickness and a smaller width than
the first layer.
[0036] The support substrate 114 is a substrate on which the plurality of light emitting diodes 112 will be mounted,
and may be an insulation substrate, a conductive substrate, or a circuit board. By way of example, the support substrate
114 may be a sapphire substrate, a gallium nitride substrate, a glass substrate, a silicon carbide substrate, a silicon
substrate, a metal substrate, or a ceramic substrate. The support substrate 114 is formed on an upper surface thereof
with the plurality of conductive patterns 35 to be electrically connected to the plurality of light emitting diodes 112 and
may include a circuit pattern therein, as needed. The support substrate 114 may be a flexible substrate.
[0037] The transparent electrode 116 may be formed on the support substrate 114 and may be electrically connected
to the p-type electrode 33 of the light emitting diode 112. In this exemplary embodiment, a plurality of transparent
electrodes 116 may be formed on the support substrate 114, and one light emitting diode 112 may be coupled to one
transparent electrode 116, or the plurality of light emitting diodes 112 may be coupled to one transparent electrode 116,
as needed. In addition, the plural transparent electrodes 116 may be separated from each other on the support substrate
114. By way of example, the transparent electrodes 116 may be formed of indium tin oxide (ITO) and the like.
[0038] The blocking part 118 is formed on the support substrate 114 and is provided in plural. The blocking part 118
allows light emitted from the light emitting diodes 112 to be emitted to the outside only through the transparent electrodes
116 and prevents light emitted from a certain light emitting diode from mixing with light emitted from adjacent light emitting
diodes 112. Accordingly, the blocking part 118 may be formed between the transparent electrodes 116 separated from
each other and may be formed to cover a portion of each of the transparent electrodes 116, as needed. In this exemplary
embodiment, the blocking part 118 is formed of chromium (Cr).
[0039] The insulation layer 120 surrounds each of the light emitting diodes 112 and covers an exposed surface of a
connecting plane between the light emitting diodes 112. With this structure, the insulation layer 120 may be formed to
partially cover the blocking part 118. In the structure wherein the insulation layer 120 surrounds each of the light emitting
diodes 112, the n-type semiconductor layer 23 and the n-type electrode 31 of each of the light emitting diodes 112 can
be exposed through the insulation layer 120.
[0040] The first connection electrodes 122 cover the insulation layer 120 and may also cover the n-type semiconductor
layer 23 and the n-type electrode 31 not covered by the insulation layer 120. Accordingly, the first connection electrodes
122 may be electrically connected to the n-type semiconductor layer 23.
[0041] The TFT panel unit 130 includes a panel substrate 132 and second connection electrodes 134 and is coupled
to the light emitting diode part 110 to supply power to the light emitting diode part 110. The TFT panel unit 130 controls
power supplied to the light emitting diode part 110 to allow only some of the light emitting diodes 112 in the light emitting
diode part 110 to emit light.
[0042] The panel substrate 132 has a TFT drive circuit therein. The TFT drive circuit may be a circuit for driving an
active matrix (AM) or a circuit for driving a passive matrix (PM).
[0043] The second connection electrode 134 may be electrically connected to the TFT drive circuit of the panel substrate
132 and to the first connection electrode 122 of the light emitting diode part 110. In this structure, power supplied through
the TFT drive circuit can be supplied to each of the light emitting diodes 112 through the first and second connection
electrodes 122, 134. In this exemplary embodiment, the second connection electrode 134 may be covered by a separate
protective layer, which may include SiNx.
[0044] The anisotropic conductive film 150 serves to electrically connect the light emitting diode part 110 to the TFT
panel unit 130. The anisotropic conductive film 150 includes an adhesive organic insulation material and contains
conductive particles uniformly dispersed therein to achieve electrical connection. The anisotropic conductive film 150
exhibits conductivity in the thickness direction thereof and insulation properties in the plane direction thereof. In addition,
the anisotropic conductive film exhibits adhesive properties and can be used to bond the light emitting diode part 110
to the TFT panel such that the light emitting diode part 110 can be electrically connected to the TFT panel therethrough.
Particularly, the anisotropic conductive film 150 can be advantageously used to connect ITO electrodes which are difficult
to solder at high temperature.
[0045] As such, in the structure wherein the light emitting diode part 110 is coupled to the TFT panel via the anisotropic
conductive film 150, the first connection electrode 122 of the light emitting diode part 110 is electrically connected to the
second connection electrode 134 of the TFT panel unit 130, thereby forming an electrode connection portion 152.
[0046] FIG. 3 and FIG. 4 are sectional views and plan views illustrating a process of forming the light emitting diode
part 110 of the display apparatus 100 according to the first exemplary embodiment of the present disclosure.
[0047] The process of forming the light emitting diode part 110 according to this exemplary embodiment will be described
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with reference to FIG. 3 and FIG. 4. First, as shown in FIG. 3A, an n-type semiconductor layer 23, an active layer 25
and a p-type semiconductor layer 27 are sequentially grown on a growth substrate. Then, a p-type electrode 33 is formed
on the p-type semiconductor layer 27. In this exemplary embodiment, a plurality of p-type electrodes 33 may be formed
to be separated from each other by a predetermined distance such that one p-type electrode 33 is provided to one light
emitting diode 112.
[0048] Referring to FIG. 3B, after forming the p-type electrodes 33, a wall 35 is formed on the p-type semiconductor
layer 27. The wall 35 may be composed of first and second layers. The first layer includes SiN and is formed to cover
the entirety of the p-type semiconductor layer 27 while covering a portion of each of the p-type electrodes 33. The second
layer includes SiO2 and is formed on the first layer. The second layer may have a greater thickness than the first layer
and may be formed on a region of the first layer in which the p-type electrode 33 is not formed.
[0049] Referring to FIG. 3C, after the wall 35 is formed on the p-type semiconductor layer 27, the grown semiconductor
layers are coupled to a first substrate. In this process, the second layer of the wall 35 is coupled to the first substrate.
The first substrate may be the same as the support substrate 114 and may be a sapphire substrate in this exemplary
embodiment.
[0050] Referring to FIG. 3D, with the semiconductor layers coupled to the first substrate, the growth substrate may
be removed from the semiconductor layers by LLO and the semiconductor layers may be divided into individual light
emitting diodes 112 by etching. Here, division of the semiconductor layers into individual light emitting diodes 112 may
be performed by dry etching.
[0051] Referring to FIG. 3E, after the semiconductor layers are divided into the individual light emitting diodes 112, n-
type electrodes 31 may be formed on the n-type semiconductor layer 23. Alternatively, the n-type electrodes 31 may be
formed before division of the semiconductor layers into the individual light emitting diodes 112. Then, as shown in FIG.
3F, the light emitting diodes 112 are coupled to a second substrate such that the n-type electrodes 31 can be coupled
to the second substrate, followed by removing the first substrate. The second substrate may be the same kind of substrate
as the first substrate.
[0052] Then, as shown in FIG. 3G, the light emitting diodes 112 are coupled to a third substrate such that the wall 35
can be coupled to the third substrate, followed by removing the second substrate. In this exemplary embodiment, the
third substrate may be a stretchable substrate that is stretchable in the plane direction thereof. Thus, as shown in FIG.
3H, the stretchable third substrate is stretched to enlarge distances between the light emitting diodes 112.
[0053] With the distances between the light emitting diodes 112 enlarged, the light emitting diodes 112 are coupled
to a fourth substrate such that the n-type electrodes 31 can be coupled to the fourth substrate, as shown in FIG. 3I. As
a result, the distances between the light emitting diodes 112 can be maintained by the stretchable third substrate. In
this exemplary embodiment, the fourth substrate may include a flexible base and a bonding layer formed on the base.
[0054] Then, referring to FIG. 3J, the plurality of light emitting diodes 112 arranged on the fourth substrate is bonded
to the support substrate 114, which may be formed with a bonding portion S at a location corresponding to each of the
light emitting diodes 112. With the transparent electrodes 116 and the blocking part 118 formed on the support substrate
114, the bonding portion S is formed at a mounting location of each of the light emitting diodes 112 on the support
substrate 114. Accordingly, even when the entire plural light emitting diodes coupled to the fourth substrate are transferred
to an upper surface of the support substrate 114, the light emitting diodes 112 can be transferred only to locations of
the support substrate 114 at which the bonding portions S are formed.
[0055] Referring to FIG. 3K, external force may be applied only to the light emitting diodes 112 disposed corresponding
to the locations of the bonding portions S on the support substrate 114 among the light emitting diodes 112 coupled to
the fourth substrate, such that only the light emitting diodes 112 disposed corresponding to the bonding portions S can
be bonded to the support substrate 114. As a result, as shown in FIG. 3L, the light emitting diodes 112 can be coupled
to the support substrate at the locations of the bonding portions S thereon.
[0056] Although not shown in the drawings, in the case where only some light emitting diodes 112 are selectively
coupled to the support substrate 114 by applying external force only to target light emitting diodes among the plurality
of light emitting diodes 112 arranged on the fourth substrate as shown in FIG. 3K, the stretchable third substrate may
be omitted. That is, only some light emitting diodes 112 may be coupled to the support substrate 114 by selectively
applying external force only to target light emitting diodes to be coupled to the support substrate 114 using a flexible
fourth substrate instead of the second substrate shown in FIG. 3F.
[0057] In this exemplary embodiment, with regard to mounting the light emitting diodes 112 on the support substrate
114 as shown in FIG. 3L, the following description will be given of mounting blue light emitting diodes 112a, green light
emitting diodes 112b and red light emitting diodes 112c on the support substrate 114 with reference to FIG. 4. Here, the
processes of manufacturing each of the blue light emitting diodes 112a, the green light emitting diodes 112b and the
red light emitting diodes 112c are the same those shown in FIG. 3A to FIG. 3I.
[0058] Like FIG. 3J, FIG. 4A shows the bonding portions S formed on the support substrate 114, in which the bonding
portions S are formed at all locations on the support substrate 114 at which the blue light emitting diodes 112a, the green
light emitting diodes 112b and the red light emitting diodes 112c are coupled, respectively. The bonding portions S may
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be classified into first to third bonding portions S1, S2, S3. The first bonding portion S1 is formed to bond the blue light
emitting diodes 112a to the support substrate and the second bonding portion S2 is formed to bond the green light
emitting diodes 112b thereto. The third bonding portion S3 is formed to bond the red light emitting diodes 112c thereto.
[0059] The first to third bonding portions S1, S2, S3 may have different bonding temperatures. Specifically, the first
bonding portion S1 has the highest bonding temperature and the third bonding portion S3 has the lowest bonding
temperature. For example, the first bonding portion S1 is formed of AgSn and has a bonding temperature of about 230°C
and the second bonding portion S2 is formed of ZnSn and has a bonding temperature of about 198°C. The third bonding
portion S3 is formed of In and has a bonding temperature of about 157°C. The bonding temperatures of the first to third
bonding portions S1, S2, S3 are differently set due to different bonding sequences of the light emitting diodes 112 to
the respective bonding portions S.
[0060] Since the blue light emitting diodes 112a are first bonded to the support substrate 114, the first bonding portion
S1 has the highest bonding temperature. Thus, since the first bonding portion S1 has a higher bonding temperature
than the second bonding portion S2 or the third bonding portion S3, the first bonding portion S1 can maintain a bonded
state of the blue light emitting diodes 112a during bonding of the green light emitting diodes 112b or the red light emitting
diodes 112c.
[0061] After the first to third bonding portions S1, S2, S3 are formed on the support substrate 114 as shown in FIG.
4A, the fourth substrate on which the blue light emitting diodes 112a are formed is placed at a corresponding location
on the support substrate 114, and the blue light emitting diodes 112a are coupled to the support substrate 114, as shown
in FIG. 4B. Here, the distances between the blue light emitting diodes 112a formed on the fourth substrate are widened
by the stretchable substrate, which is provided as the third substrate, as compared with the distances between the blue
light emitting diodes 112a formed on the growth substrate. Accordingly, each of the blue light emitting diodes 112a is
not disposed at a location corresponding to the second bonding portion S2 or the third bonding portion S3. Then, with
the blue light emitting diodes 112a contacting the first bonding portion S1, the first bonding portion S1 is heated to about
230°C and cooled to bond the blue light emitting diodes 112a to the support substrate 114 via the first bonding portion S1.
[0062] FIG. 4C shows the blue light emitting diodes 112a bonded to the support substrate 114. Thereafter, the fourth
substrate on which the green light emitting diodes 112b are formed is placed at a corresponding location on the support
substrate 114, and the green light emitting diodes 112b are bonded to the support substrate 114, as shown in FIG. 4D.
Here, the distances between the green light emitting diodes 112b formed on the fourth substrate are greater than the
distances between the green light emitting diodes 112b formed on the growth substrate, as described above. Accordingly,
there is no interference between the blue light emitting diode 112a and the green light emitting diode 112b placed at
locations corresponding to the second bonding portion S2 formed on the support substrate 114. Then, with the green
light emitting diodes 112b contacting the second bonding portion S2, the second bonding portion S2 is heated to about
198°C and cooled to bond the green light emitting diodes 112b to the support substrate 114 via the second bonding
portion S2. In this way, the green light emitting diodes 112b can be bonded to the support substrate 114.
[0063] FIG. 4E shows the blue light emitting diodes 112a and the green light emitting diodes 112b bonded to the
support substrate 114. Thereafter, the fourth substrate on which the red light emitting diodes 112c are formed is placed
at a corresponding location on the support substrate 114, and the red light emitting diodes 112c are bonded to the
support substrate 114, as shown in FIG. 4F. Here, the distances between the red light emitting diodes 112c formed on
the fourth substrate are greater than the distances between the red light emitting diodes 112c formed on the growth
substrate, as described above, thereby preventing interference with the blue light emitting diodes 112a or the green light
emitting diodes 112b disposed on the support substrate 114. Then, with the red light emitting diodes 112c contacting
the third bonding portion S3, the third bonding portion S3 are heated to about 157°C and cooled to bond the red light
emitting diodes 112c to the support substrate 114 via the third bonding portion S3. In this way, the green light emitting
diodes 112b can be bonded to the support substrate 114. FIG. 4G shows the blue light emitting diode 112a, the green
light emitting diode 112b and the red light emitting diode 112c bonded to the support substrate 114.
[0064] In this exemplary embodiment, separation distances between the blue light emitting diode 112a, the green light
emitting diode 112b and the red light emitting diode 112c formed on the different fourth substrates may be at least twice
the width of each of the light emitting diodes 112. In this way, with the distances between the light emitting diodes
maintained at at least twice the width of each of the light emitting diodes on the support substrate 114, the light emitting
diodes 112 are bonded to the support substrate 114, thereby preventing interference between the other light emitting
diodes 112.
[0065] FIG. 3M is a sectional view corresponding to the plan view shown in FIG. 4G. That is, referring to FIG. 3M,
each of the blue light emitting diodes 112a, the green light emitting diodes 112b and the red light emitting diodes 112c
is bonded to the support substrate 114. In this state, an insulation layer 120 may be formed to cover the entirety of each
of the light emitting diodes 112 excluding a portion thereof, as shown in FIG. 3N. The insulation layer 120 is formed to
cover both the transparent electrodes 116 and the blocking part 118 while surrounding each of the light emitting diodes
112. With this structure, the insulation layer 120 can prevent the transparent electrode 116 electrically connected to
each of the light emitting diodes 112 from being exposed to the outside. An upper surface of the n-type semiconductor
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layer 23 and the n-type electrode 31 of each of the light emitting diodes 112 can be exposed through an upper surface
of the insulation layer 120.
[0066] With the n-type semiconductor layer 23 and the n-type electrode 31 exposed through the upper surface of the
insulation layer 120, first connection electrodes 122 may be formed on the upper surface of the insulation layer 120 to
cover the n-type semiconductor layer 23 and the n-type electrodes 31, as shown in FIG. 3O. As a result, the light emitting
diode part 110 according to this exemplary embodiment can be formed.
[0067] Thereafter, the light emitting diode part 110 is bonded to the TFT panel unit 130 via an anisotropic connection
film, as shown in FIG. 3P, thereby providing the display apparatus 100 according to the first exemplary embodiment, as
shown in FIG. 1.
[0068] FIG. 5 is a sectional view of a display apparatus according to a second exemplary embodiment of the present
disclosure.
[0069] Referring to FIG. 5, a display apparatus 100 according to the second exemplary embodiment of the present
disclosure includes a light emitting diode part 110, a TFT panel unit 130, and an anisotropic conductive film 150. De-
scription of the same components as those of the first exemplary embodiment will be omitted.
[0070] The light emitting diode part 110 includes light emitting diodes 112, transparent electrodes 116, a blocking part
118, an insulation layer 120, first connection electrodes 122, a transparent substrate 124, a phosphor layer 126, and a
protective substrate 128.
[0071] The light emitting diode part 110 includes a plurality of light emitting diodes 112, and blue light emitting diodes
112a emitting blue light may be used as the light emitting diodes 112. The blue light emitting diodes 112a are electrically
connected to the transparent electrodes 116 and the blocking part 118 may be formed between the transparent electrodes
116. In addition, the transparent substrate 124 may be formed on the transparent electrode 116. The transparent substrate
124 may serve as the support substrate 114 of the display apparatus 100 according to the first exemplary embodiment.
Alternatively, as in the first exemplary embodiment, after forming the light emitting diode part 110 using the support
substrate 114, the support substrate 114 may be removed therefrom and the transparent substrate 124 may be formed
again.
[0072] The phosphor layer 126 may be formed on an upper surface of the transparent substrate 124. The phosphor
layer 126 may be formed on the blue light emitting diodes 112a such that one of a green phosphor layer 126b, a red
phosphor layer 126c and a transparent layer 126e is formed thereon. In addition, a blocking layer 126d may be formed
between the green phosphor layer 126b, the red phosphor layer 126c and the transparent layer 126e. The green phosphor
layer 126b converts wavelengths of light emitted from the blue light emitting diode 112a such that green light can be
emitted from the green phosphor layer 126b, and the red phosphor layer 126c converts wavelengths of light emitted
from the blue light emitting diode 112a such that red light can be emitted from the red phosphor layer 126c. The transparent
layer 126e is placed near the green phosphor layer 126b and the red phosphor layer 126c to allow blue light emitted
from the blue light emitting diode 112a to pass therethrough. Accordingly, red light, green light and blue light can be
emitted through the phosphor layer 126.
[0073] The protective substrate 128 may be formed on an upper surface of the phosphor layer 126. The protective
substrate 128 can prevent the phosphor layer 126 from being exposed to the outside and may be formed of a transparent
material as in the transparent substrate 124.
[0074] FIG. 6 is a sectional view of a display apparatus according to a third exemplary embodiment of the present
disclosure.
[0075] Referring to FIG. 6, a display apparatus 100 according to the third exemplary embodiment includes a light
emitting diode part 110, a TFT panel unit 130, and an anisotropic conductive film 150. Description of the same components
as those of the first exemplary embodiment will be omitted.
[0076] The light emitting diode part 110 includes light emitting diodes 112, transparent electrodes 116, a blocking part
118, a white phosphor film 125, and a color film.
[0077] The light emitting diode part 110 includes a plurality of light emitting diodes 112, and blue light emitting diodes
112a are used as in the second exemplary embodiment. The blue light emitting diodes 112a are electrically connected
to the transparent electrodes 116 and the blocking part 118 may be formed between the transparent electrodes 116.
The white phosphor film 125 may be formed on an upper surface of the transparent electrode 116.
[0078] The white phosphor film 125 converts blue light emitted from the blue light emitting diode 112a into white light.
To this end, the white phosphor film 125 may include a green phosphor and a red phosphor.
[0079] The color filter 127 may be formed on an upper surface of the white phosphor film 125. The color filter 127 may
be formed in a film shape and filters white light emitted from the white phosphor film 125 excluding one of blue light,
green light and red light of the white light. The color filter 127 may include a blue light portion 127a that filters white light
to allow blue light to pass therethrough, a green light portion 127b that filters white light to allow green light to pass
therethrough, and a red light portion 127c that filters white light to allow red light to pass therethrough. The color filter
127 may further include a transparent portion 127e to allow white light to pass therethrough without wavelength conver-
sion.
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[0080] The blue light portion 127a, the green light portion 127b, the red light portion 127c and the transparent portion
127e may be disposed adjacent one another. Alternatively, a light blocking portion 127d may be formed between the
blue light portion 127a, the green light portion 127b, the red light portion 127c and the transparent portion 127e.
[0081] FIG. 7 is a sectional view of a display apparatus according to a fourth exemplary embodiment of the present
disclosure.
[0082] Referring to FIG. 7, a display apparatus 100 according to the fourth exemplary embodiment includes a light
emitting diode part 110, a TFT panel unit 130, and an anisotropic conductive film 150. Description of the same components
as those of the first and third exemplary embodiments will be omitted.
[0083] The light emitting diode part 110 includes light emitting diodes 112, transparent electrodes 116, a blocking part
118, a transparent substrate 124, a white phosphor film 125, and a color film.
[0084] The light emitting diode part 110 includes a plurality of light emitting diodes 112, and blue light emitting diodes
112a are used as in the second exemplary embodiment. The blue light emitting diodes 112a are electrically connected
to the transparent electrodes 116 and the blocking part 118 may be formed between the transparent electrodes 116.
The transparent substrate 124 may be formed on an upper surface of the transparent electrode 116.
[0085] The transparent substrate 124 may serve as the support substrate 114 of the display apparatus 100 according
to the first exemplary embodiment. Alternatively, as in the first exemplary embodiment, after forming the light emitting
diode part 110 using the support substrate 114, the support substrate 114 may be removed therefrom and the transparent
substrate 124 may be formed again.
[0086] The white phosphor film 125 may be formed on an upper surface of the transparent electrode 116 and the color
filter 127 may be formed on an upper surface of the white phosphor film 125. The white phosphor film 125 and the color
filter 127 are the same as those of the display apparatus according to the third exemplary embodiment and detailed
descriptions thereof will be omitted.
[0087] FIG. 8 shows sectional views of a display apparatus according to a fifth exemplary embodiment of the present
disclosure. FIG. 8(a) to FIG. 8(f) are sectional views illustrating a process of manufacturing the display apparatus ac-
cording to the fifth exemplary embodiment, in which a plurality of light emitting structures grown on a growth substrate
is coupled to a support substrate after adjustment of separation distances between the light emitting structures using a
stretchable sheet SS.
[0088] The display apparatus according to the fifth exemplary embodiment includes light emitting structures 23, n-
type bumps 31, p-type bumps 33, a support substrate 37, and a wavelength conversion part 43. Description of the same
components as those of the above exemplary embodiments will be omitted. The following description will focus on a
process of coupling light emitting structures 23 grown on the growth substrate 21 to the support substrate 37 with
reference to FIG. 8.
[0089] The light emitting structure 23 may include a partially exposed region of the n-type semiconductor layer 25,
which is formed by partially removing the p-type semiconductor layer 29 and the active layer 27. An n-type electrode
pad may be placed on the exposed region of the n-type semiconductor layer 25 and a p-type electrode pad may be
placed on the p-type semiconductor layer 29.
[0090] Although the light emitting structure 23 uses a flip-chip type light emitting diode in this exemplary embodiment,
it should be understood that a vertical type light emitting diode or a lateral type light emitting diode may also be used.
[0091] The growth substrate 21 may be selected from among any substrates allowing growth of nitride semiconductor
layers thereon and may be an insulation or conductive substrate. By way of example, the growth substrate 21 may be
a sapphire substrate, a silicon substrate, a silicon carbide substrate, an aluminum nitride substrate, or a gallium nitride
substrate. In this exemplary embodiment, the growth substrate 21 may be a sapphire substrate and may include a C-
plane as a growth plane on which nitride semiconductor layers are grown.
[0092] As shown in FIG. 8(a), the plurality of light emitting structures 23 is grown on the growth substrate 21. In this
exemplary embodiment, the plural light emitting structures 23 are arranged in a predetermined pattern on the growth
substrate 21 and are separated from each other during growth.
[0093] With the growth substrate 21 turned upside down, the light emitting structures 23 grown on the growth substrate
21 are coupled to an upper surface of the stretchable sheet, as shown in FIG. 8(b). In addition, after the plurality of light
emitting structures 23 is coupled to the stretchable sheet (SS), the growth substrate 21 is removed from the light emitting
structures by LLO and the like, as shown in FIG. 8(c).
[0094] Thereafter, as shown in FIG. 8(d), since the stretchable sheet (SS) can be two-dimensionally stretched or
compressed, the separation distances between the light emitting structures 23 can be adjusted by stretching or com-
pressing the stretchable sheet (SS). FIG. 8(d) shows one example in which the separation distances between the light
emitting structures 23 are enlarged by stretching the stretchable sheet (SS). In one embodiment, the stretchable sheet
(SS) may be a blue sheet.
[0095] In this way, the stretchable sheet (SS) is turned upside down in a stretched state and coupled to a fixing sheet
(FS) via the light emitting structures 23 such that the light emitting structures 23 are coupled to the fixing sheet. This
state is shown in FIG. 8(e), and after the plurality of light emitting structures 23 is coupled to the fixing sheet (FS), the
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stretchable sheet (SS) is removed from the upper surfaces of the plurality of light emitting structures 23. In this exemplary
embodiment, since the stretchable sheet (SS) can be uniformly stretchable in two dimensions, the distances between
the plural light emitting structures 23 can be uniformly widened. The distances between the plural light emitting structures
23 can be adjusted in various ways as needed. The fixing sheet (FS) serves to fix the locations of the light emitting
structure 23 in order to maintain the distances between the plural light emitting structures 23 adjusted by the stretchable
sheet (SS).
[0096] After each of the light emitting structures 23 is coupled to the fixing sheet (FS), the plurality of light emitting
structures 23 is coupled to the support substrate 37 and the fixing sheet (FS) is removed from the light emitting structures,
as shown in FIG. 8(f). In this exemplary embodiment, the support substrate 37 includes conductive patterns 35 or
interconnection circuits, and may be a general PCB, a flexible substrate, or a stretchable substrate like the stretchable
sheet (SS).
[0097] As described above, since the separation distances between the plural light emitting structures 23 may be
adjusted using the stretchable sheet (SS), the light emitting structures 23 may be simultaneously transferred to the
support substrate after uniformly increasing the distances therebetween. Accordingly, the plurality of light emitting struc-
tures 23 used in the display apparatus according to the present disclosure may also be used not only in a small wearable
apparatus, but also in a large display.
[0098] Although certain exemplary embodiments have been described herein, it should be understood by those skilled
in the art that these embodiments are given by way of illustration only, and that various modifications, variations, and
alterations can be made without departing from the spirit and scope of the invention. Therefore, the scope of the invention
should be limited only by the accompanying claims and equivalents thereof.

Claims

1. A display device comprising:

a light emitting diode part (110) having a plurality of sub-pixels; and
a panel substrate (132) having a circuit for driving an active matrix and electrically connected to the plurality of
sub-pixels,

< Legend of Reference Numerals>
100: display apparatus
110: light emitting diode part 112: light emitting diode
112a: blue light emitting diode 112b: green light emitting diode
112c: red light emitting diode
23: n-type semiconductor layer 25: active layer
27: p-type semiconductor layer 31: n-type electrode
33: p-type electrode 35: wall
114: support substrate 116: transparent electrode
118: blocking portion 120: insulation layer
122: first connection electrode 124: transparent substrate
125: white phosphor film 126: phosphor layer
126b: green phosphor layer 126c: red phosphor layer
126d: blocking layer 126e: transparent layer
127: color filter 127a: blue light portion
127b: green light portion 127c: red light portion
127d: light blocking portion 127e: transparent portion
128: protective substrate 130: TFT panel unit
132: panel substrate 134: second connection electrode
150: anisotropic conductive film 152: electrode connection portion
200: backlight unit 260: first driver
300: TFT-LCD panel unit 310: second driver
P: pixel
S: bonding portion S1: first bonding portion
S2: second bonding portion S3: third bonding portion
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wherein the plurality of sub-pixels comprises blue light emitters (112a), green light emitters (112b) to be placed
adjacent the plurality of blue light emitters (112a), and red light emitters (112c) to be placed adjacent either the
plurality of blue light emitters (112a) or the plurality of green light emitters (112b),
wherein each sub-pixel comprises:

a light emitting diode (112) having an n-type semiconductor layer (23), a p-type semiconductor layer (27),
an active layer (25) disposed between the n-type semiconductor layer (23) and the p-type semiconductor
layer (27), an n-type electrode (31) electrically connected to the n-type semiconductor layer, and a p-type
electrode (33) electrically connected to the p-type semiconductor layer,
a transparent electrode (116) electrically connected to the p-type electrode,
an insulation layer (120) covering a side of the light emitting diode (112) and exposing at least region of
the n-type electrode (31), and
a first connection electrode (122) covering the n-type electrode (31) not covered by the insulation layer
(120) and electrically connected the n-type semiconductor layer (23),

wherein the panel substrate (132) comprises a second connection electrode (143) and the second connection
electrode (134) electrically connects to the circuit and the first connection electrode (122).

2. The display device of claim 1, wherein the insulation layer (120) surrounds the light emitting diodes (112) and covers
an exposed surface of a connecting plane between the light emitting diodes (112).

3. The display device of claim 1, wherein the sub-pixel has a larger size that the light emitting diode (112).

4. The display device of claim 1, wherein the panel substrate (132) controls power supplied to the plurality of sub-
pixels to allow only some of the light emitting diodes (112) in plurality of sub-pixels to emit light.

5. The display device of claim 1, wherein the second connection electrode (134) is covered by a separate protective
layer.

6. The display device of claim 5, wherein the separate protective layer includes SiNx.

7. The display device of claim 1, wherein the sub-pixel comprises a wavelength conversion layer (126).

8. The display device of claim 7, wherein the green light emitter comprises a green wavelength conversion layer (126b)
which converts wavelength of light emitted from the light emitting diode (112b) such that green light is emitted from
the green light emitter.

9. The display device of claim 7, wherein the red light emitter comprises a red wavelength conversion layer (126c)
which converts wavelength of light emitted from the light emitting diode (112c) such that red light is emitted from
the red light emitter.

10. The display device of claim 7, further comprises a protective substrate (128) disposed on the wavelength conversion
layer (126).

11. The display device of claim 10, wherein the protective substrate (128) is formed of a transparent material.

12. The display device of claim 7, further comprises a color filter (127) disposed on the wavelength conversion layer (126).

13. The display device of claim 12, wherein the color filter (127) filters light emitted from the wavelength conversion
layer (126) excluding one of blue light, green light and red light of the light.

14. The display device of claim 7, further comprises a light blocking portion (126d) disposed between the blue light
emitter, the green light emitter and the red light emitter.

15. The display device of claim 1, wherein the display device is applied to a wearable apparatus.
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